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Strength Design of Torcidal Tank for LPG 3kg
Asnawi Lubis
JurasanTehnikMesin Falultas Tehtih Universins Ia npary
Jalan Prolesso Soemantri Brojotugoo No.I funda Ia npmg j5145 Indorcsia
AMTM
In order to reduce the conswntion ofkerosine in Indonesian household, the goverment ofIndonesia initiate a
program of lerosine to LPG conversion in 2007. TLe target of tlnt program is to redrce the lcerosine
consumtion by 9.9 million kilo liters in 2012. The cawent designfor storage tank is cylindrical shape with semi-
elliptical head at both ends. Howeyer, from meclanical engineering point of view, the strength of a toroidal
shape could be twice the snmgth of cylindrical slnpe as used for LPG 3kg nowadays. If the program to be
continued beyond tle year of 201 2, the author would lilee to propose a change of storage t4nk to be in toroidal
shape.. To choose the best design, the author carried out a finite element pa.rametric study to lind the limit
pressure. The yolume and thicloess of the tank was lcept constant and the radius of toroidal was varied from 2
to I0 times the cross-section radius. For every change of radius ratio, the radius of cross-section was also
clwnged because the volame was lcept constat . It was foud that the best design indiated by the highest limit
pressure, was toroidal tank haning radius ratio offour. To take the dfficulties in mamfacturing ilto account,
the ovality was introduced in thc parametric studi. The sndy showed tlwt ovality maximam of 0.4 for in-plane
flattening and 0.3 for out-ofplane Jlattening are still acceptable, indicated by the value of limit pressure abwe
the prcsswe to yield.
Keyteot*: Ttoidal tanb liuit prcssure, finite clement anelyris
I.PENDAIIULUAN (10 pt' bold)
In order to reduce the conzunsion of kerosine
in Indonesian household the govemment of
Indonesia initide a progam of kprosine to LPG
aonversion in 2007. The targst ofthe p'rogram is
to reduce the kerosine consumtion by 9.9 million
kilo liters lr;^2012. This was done by distributing
into household LFG 3-kg storage tank and valve,
free of chargo, included its gas content and
accesories,
In running the pograrq however, there are
many accidents caused by burst type failure of
the LPG tank These accidents result in
conversion program run unsmooth. There are
many people then, refuse following the
conversion progran One of the reason is
concerning the mfety frctor of tbe +ank Image
among the people is thd the quality of the tank is
bad and the possiblity of aocident is veryhiglt"
The LFG storags tmk used is cylin&ical in
form with suni ellipical head at bott etds. If trc
conwrsion fogam of ke,losine to LPG to bc
continued beyond 2012, heatttuouglt is rceded
in addition to intensive eduaction pogram to the
people. Here, toroidal tank is proposed b
substitute the cunent cylindrical shape used fm
LPG3-lq;
The snrdy of static dat dpamic behaviour of
tomidal shell had been curied out by many
researchen. Free vib,ration analysisi of two
toroidal shell had been carried out by Tzotr dan
Wang [U to contol the vibration of toroidal shell
structure and to enhanm its accuracy and
reliability. Static dan dynamic analysis of
toroidal shelt had also been carried out by
Naboulsi et al [2]. Jiang dan Redekop [3] canied
out analysis of static dan dynamic charecteristics
or orthotropic torcidal shells of variable
thiclness and obtained solutiur based on the
shell equatiors of Sandec-Budiansky.
Eryerimental limit ext€rnal Fessurc tests had
been canied out on three toroidal tanls by
Btachut [4], two of the tmks were &bricated
fiom mild steel by spinning two psrt of tcoidal
md wel&d d its intrados and extrados, while
another onc was fabricated by welding
circumferentially btn 9Odegree elbows. Sress
and s&ain anlpis ofLPG tants had kr canied
out by Velickovic [5] using finit€ elentent
method. Kisioglu [6] is one of few researcher
wbo had cani€d out investigdim m limit
pr€ssure of toroidal tank of LPG storage fd
vehicle in Turkey. To the anthq knowledge, it
was not found in literatur€ a cornprehensive
study of shength design of toroidal tanls for
LPG 3-kg partioilrly for using in Indonesiur
Housshold. This papcr provides results of
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nonlinear finite eleinent paranrtric study of
strength design of toroidal tfitk fff LFG 3-kg
2. FIMTE EI,EMEN METIIOD
The model of toroidal tank proposed here is
based on the LPG 3kg of PERTAMINA used
nowadays in Indonesian household with the
following dah:
. Oper*ingtemperature:40 to 60t
'Volunp: 7.3 liter
. Operating pressure: 2.1 MPa
. Hydrostatic pressure: 3.2 MPa
The volume of a tomidal tak is calculated as
follows:
l /  =t tzh=w2.2nR=2x2r2R ( l )
where, r is the radius of tmoidal cross-section
and R is mqior radius ofbroidal.
If paranreter p :R/r is introduced, equation (l)
can be written as follows:
V =2nzr3 p A)
Hence, the radius of curvature for different
value ofradius ratio is calculatod as follows
(v\%
r=l : - - ;  |  (3)
\2n')
To obtain the geometry of toroid thd povide
ttre highest value of limit pressure, prametic
finite elenrn study was carried ottr fu every
value ofradius ratio (p 
- 
2, 3, 4, 5, 6,7, 8,9, and
l0). Table I below is corrcsponding radius of
cross-s€ction according to equation (3)
Table I Geometry of toroidal ftr limit pr€ssure
anal$
R/r r, mm &mm
2 57.0 113.9
3 49.8 149.3
4 45.2 180.9
5 42.0 2W.9
6 39.5 237.0
7 J7.5 262;t
8 35.9 zw.r
9 34.5 310.6
l0 33.3 JJJ.Z
2.lGeonetry Modelling
Geomety modeling was done in toroidal
coordinate. Torus geometry was obtained by
rotating a circle of radius r about an axis as
shown in Fig.l.
Fig.l Geometry nndeling at tooidal coodinate
2.2 l'{aterial propenies
The current LFG 3 kg cylindrical shell is
made frsn s€el sh€st (plate) of PT Krakdau
Steel with specific*im JIS G3ll6 SG-295, md
2.3 rrm thidw$g Carbm steel with
specificdion G3l0l SS4e thickness of 2.5 mm
is u*d fv landgaard andfootring also ftrom PT
Krakatzu Stcel. While welding wire used for
circumfercntial joint is supplied ftom Cina with
qpesification EM l2 K [7].
The material properties necded for limit
pressrue finite elenpnt studies are Young's
modulus, yield sfiengtl! and Poisson's rdio of
207 GPa,295 MPa, and 0.3 respectively [7]. In
this analpis it was assumed that the toroidal ank
is ftbnicated by welding four 900 elbows
circumftrcntially. ft was also assuned that the
circnmferential joim is defect free (ioint
efficiency : l). Ottrsr assun$ion was the
thickness ofthe Sell is uniform everywhere.
2.3 Finite Elenent (Meshtng)
Finite olements wsre divided both
circumfercntially and longitudinally. Elemen
typa uses was SIIELI2EI &om the ANSYS
elensnt library. This elerpnt has eight nodes
with six degree of fieedom at every node:
trmsldion in the -lr, 
-y, ard -e direction and
rotation about the -)q 
-y, urd -z a;ris The
number of eleinents in longitudinal and
circumfersntial direction were 180 and 36
respectivcly. The adnmtags of syrmretry in
plane of the model was take into account. The
total nwuber of elernents were 6480. The
corresponding number of nodes were 19873.
Typical fnite elenent model is shoum in Fig.Z
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Fig.2 FE Model of Toroidal Tank
2.4 Bouzdary Conditions and I'oading
Fm finite elemen model as shown in Figure 2
with intemal pr€ssure loading boundary
conditions that need to be applied is zero
displacement (symmetry) in the direction of
toroidal axis for all nodes in exFados and
intrados.
Internal p'r€ssure load (MPa) that need to be
applied to obtain limit pressure cm be estimated
by calculating the internal pres$re needed for
yielding pressure py. F6 ntaterial pmperties of
LPG tanlc IIS C'3116 SG-295 (ov:295 MPa),
internal pressure for yielding cm be calculated
according to the following equdion:
zto,  (  p- l  )
D._=.:_!_l r  
-  |  (4)
r  \zp-r)
Using the value of r from Table l, pressure to
leld fop of 2 and l0 is 7.936 MPa and 19.3M
MPa respectiwly. kr this aralysig internal
pres$re load of l.5py was applied fc every
valus of rdius ratio p. To ottain the limit
pr€ssurq internal prossurc load wc mnped in
single load $€p. Nelvlon-Raphsotr {trcthod for
nonlinea solution was irrylermted.
3. RDSI'LTS AND I}ISCUSSION
Eqrdiur (4) indicded that limit pressure of
toroidal bnk will irrcrease as radius ratio increase.
However, marimum pr€ssttrc mrst be limited by
gcometrical reshiction kr this analisis, limit
p[Essure was given in nondinrnsional forrn after
nonnalized by pr€ssur€ to yield" Nondfurensional
limit prressure is shown in Figure 3. The figure
drows that the highest linit pre*sue is give.n by
radius ratio of4.
Ll9
1l,5lt
Lltl
l'la6
1.114
$urz
Ll{
1.138
1.1t5
1.1il
l.Bt
2345v.
Fig.3 Nondimensional limit pressure
As shown in Figure 3, limit pressure for a
toroidal tank having radius ratio of4 is:
Pt =l '15P,
From equation (4), m = 12.868 MPa, so that
pL=1.15 x 12.868MPa= l4.8MPa
Lubis et al [8] canied out finite elunent study
on limit prpssur€ of current LPG Tank 3kg of
PERTAMINA, and found the value of 6.54 MPa
Comparing this value with an equivalent oroidal
tank of radius ratio of 4, it can be secn that
strength of torodal tank is more than twice.
Figue 4 shows nondirnensional stresses.
The stresses was plofred as ratio of stress
intensity (Tresca) normali:zed yield sfr,ess. Figure
4 also shows that the b€st desip oftoroidal tank
for LPG 3-kg is having radius ratio of4.
u0
u
2aas6
{r
Fig.4 Limit stress intensity Fresca)
Figure 5 shows the value of plastic limit
strain plotted againts radius ratio. Figure 5
again shows that the best design is toroidal
having radius ratio of 4.
u5
a6
lla
u3
.;
ul
SNTTMXlT46
Seminar Nasional Telmih Mesin X
Jurusot Mesin Fahthas Tehib W
2-3 November 2011
ISBN 978 - 602 - 19028 - 0 - 6
om
OG
@
t*
ln*o
m
@o
ffi
m
Fig.5 Plastic li",it ,trafr,;;.idal tank
From figure 3, 4, and 5, it was then decided to
choce tooidal tank having radius ratio of 4 for
the next derrclopment oftsoidal shell.
The author is very aware of difficulties in
manufacturing a toroidal tanlc There is always
possiblity thait ovality inboduced during
manufacndng. To accqmt fo ovality inhofuced
during nranufacturing finite eletrFnt $udy was
carried out fur radius ratio of4, the H desip
choose in the fortgoing discussion. In &e neil
malysrs, both positive and negdive ovalisation
were taken into account Positive ovalisation is
defined as elongatim of radius cross section
perpendicular to the plane of the tsoi4 fld
negative ovalisation is elongation ofradius cross
sectiur in the plane of the ioroid
Figure 6 shows the reduction in limit pressure
as ovality increase. It can bc conclu&d from the
figurc th* ovality could be tolerals for 0.3 for
negatire ovalisation and 0.4 for positive
ovalis*io4 indicated by the value oflpy > l.
1.16
1.14
u2
1.10
1S
$'-
1.Oa
rrl
tfl
09t
036
co c1 0: 
":i,
Fig.6 Effect of ovalisation on limit pressure
Having establfuhed the best desip based on
radius rdio (p = 4\ ihe rc:( $cp is to design ftr
nozwle consftuc'tion" There are rmy design
types ofnozde construction, such as flush nozdg
portude nozzle, radial axig or inclincd axis. This
aspect will be analyzed furtlrcr elsewherc. For
now, however, the pcition of nozzle along
circumferential dircction can be deErmimd from
dishibution of stress intensity (Tresca) in
cimferential dkpction. From nrchanical point of
view, the nsrle slpuld be loc*ed at the lowest
value of sfress. Figurr 7 shows the suess
intensity (Tresca) contour plot and Figure 8 and
9 show the distrihrtion of ssss and strain
respectively. plotted along circumferetial from
extados toward intrados.
o s J 
€ 
c0 ts 90 s5 u0 135 1t0 16 10
Fai&dbo6 edo., d.a
Fig.8 Distribution of plastic stress intensity
along ci rcumferential direction
o.00t)
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Fig.9 Distribution of dastic strain intensity
along circumferential direction
Figue 8 and 9 show that the lowest strpss as well
as stain located at 0tc offados as orpected.
02
OJ
{/'y14
+t/F {-t
ls- t t9 F!-€f  ! t .Dt tJ i . ! t6
Fig.7 Stress intensity (Tresca) contour plot
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Thereforg nozzle would best be looaied at any
point fiom extrados to crown (0 to 900
circumferentially). This will be the subject of
further study.
4. CONCLUSION
From the foregoing discussion of parameric
sfudies to ohain the limit pneswe of toroidal
strell, ttre following conclusim can be drawn: (l)
the best design of toroidal tmk for LFG 3kg is
toroidal tank having radius ratio of 4, (2) ovality
maximum of 0.4 for positive and 0.3 for negdivc
can be tolerate4 indicated by a small decreaso in
limit pressure, (3) the best location for nozzle is
from e>rtrados to crown
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